Isoalloxazine derivatives, e.g. lumiflavin, ribo flavin, FMN or FAD, as well as flavoenzymes can be reduced chemically or photochemically by a number of compounds ("substrates" ), yielding their ] ,5-dihydro-form2-3. Although a large number of investigations have been published, the mechanism of these reductions is not known: all three pos sibilities are still discussed: a two step radicalmechanism, hydride, or carbanion transfer2-3. In this paper some experiments, mainly UV-spectro scopic observations of covalent intermediates are reported. The results favor a carbanion or group transfer mechanism. 3, 9 '-diacridan7 were synthesized according to literature procedures. l,3,10-Trimethyl-l,5-dihydro-5-deazaisoalloxazine and 5,5'-bis-(l,3,10-trimethyl-l,5-dihydro-5-deazaisoalloxazine)8 were a generous gift from W. B a u c h , Berlin. Acetonitrile and butyronitrile were freshly distilled from phos phorus (V)oxide.
Materials and Methods
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The irradiations were performed in 1 cm-quartz cuvettes of the Thunberg type after bubbling argon through the solutions for 30 minutes. The light R equests for reprints should be sen t to Dr. W .-R . K n a p p e , Fachbereich B iologie der U n iversität, P o s t fach 7733, D -7750 K onstanz.
source was a slightly modified slide projector with a 250 W124 V tungsten halogen lamp and a metal interference filter (K 2, Balzers) transparent from 420-480 nm. The UV-spectra were recorded with a Cary 118 C spectrophotometer.
Results and Discussion
3-Methyllumiflavin (3,7,8,10-tetram ethy lisoalloxazine (1), Flox) reacts with 1,4-cyclohexadiene from its first excited triplet state yielding unsubstituted 3-methyl-1,5-dihydrolumiflavin (2, l,5-H2Flred; Amax 400 sh, 340 sh, 295 nm )9. The reaction with cyclopentadiene under identical conditions yield in contrast the 4 a-(1 -cyclopentadienyl)-3-methyl-4 a,5-dihydrolumiflavin (3 a, 4a-RFlredH; AmaxfH^O] 362 nm, log e 3.78)9.
These different results might be explained by the hypothesis th a t in the case of 1,4-cyclopentadiene as a substrate a 4a-adduct is also formed. This adduct, however, undergoes rapid and irreversible decomposition by breaking of the flavin(4a)-cyclohexadiene bond and a C-H bond, yielding benzene and 1,5-dihydroflavin, cf. Scheme 3. Substitution of one methylene group in the substrate by a dimethylmethylene group [C(CH3)2] should render this fragm entation more difficult. Therefore 3,3-dimethyl-1-phenyl-1,4-cyclohexadiene was sub jected to the photoreaction of 1 in acetonitrile in the absence of oxygen.
A t + 25 °C the characteristic UV spectrum of the unsubstituted 1,5-dihydro derivative (2) was ob served, cf. curve 5 in Fig. 1 . However, when the irradiation was performed and the UV spectrum recorded at -40 °C, the spectrum 2 in Fig. 1 resulted (Amax 360 nm, log e 3.78), which is charac teristic of a 4a-adduct (5-adducts in most cases absorb between 315 and 330 nm, 4a-adducts be tween 340 and 360 nm) 2>9.
On warming the solution to room tem perature exactly 50% of 1 was reformed, cf. curve 3; this decomposition started at about -20 °C. The other 50% of 1 was formed upon admission of oxygen, see curve 4.
From these data the following reaction scheme can be postulated: At -40 °C 1 reacts upon light excitation with 3,3-dimethyl-1-phenyl-1.4-cyclohexadiene yielding the adduct 3 b 10. As the tem perature increase, the bond between the flavin and the substituent is cleaved homolytically. The resulting flavin radical disproportionates, yielding 50% of Flox 1 and 50% of l,5-H2Flred 2, the latter being oxidized to 1 upon admission of oxygen. The products of the cyclohexadienyl substituent were not further investigated. From the literature it is known11-12 th at cyclohexadienyl radicals dispropor tionate as well as dimerize. Thus, product analysis would give no further information about the mechanism of the thermal decomposition. Analogous adducts were observed spectrophotometrically a t low temperatures with ergosterol, N-methylacridan and 1,3,10-trimethyl-1,5-dihydro-5-deazaisoalloxazine, cf. Scheme 2. At room tem perature these adducts decompose homolytically, as can be seen from the formation of exactly 50% of 1. On the other hand in all these cases the dimerisation products of the 4a-substituent (bisergostatrienol, N,N'-dimethyl-9,9'-bisacridan and 5,5' -bis -(1,3,10-trim ethyl -1,5 -dihydro -5 -deazaisoalloxazine)) have been identified by tic as the only oxidation products of the substrate.
4a-add ucts at -/.P C 4a Flred3
The photoreaction between ergosterol and lumifiavin was first reported by T e t h e r and T u r n b u l l FI * + 0 in 1962 to yield 1,5-dihydroflavin and bisergostatrienol13. These authors proposed an attack of the flavin triplet on the substrate, yielding flavin radical and ergosterol radical directly. The spectral ob servation (Amax 360 nm) in the case of ergosterol shows th a t upon attack of the flavin triplet on position 7 of the steroid the adduct 3 c is formed, which decomposes on warming, consistent with scheme 1.
W ith unsubstituted 1,4-cyclohexadiene even at -80 °C (butyronitrile or 2-methyltetrahydrofuran as solvent) no adduct could be observed spectro scopically; the only product was the dihydroflavin 2. Similarly, with acridan and 3,10-dimethyll,5-dihydro-5-deazaisoalloxazine only 2 and exactly equimolar amounts of the oxidized substrates acridine and 3,10-dimethyl-5-deazaisoalloxazine, resp., were obtained. No dimers of these substrates could be detected by tic.
Therefore it is concluded th a t in these cases 4a-adducts are formed initially, and these adducts decompose heterolytically, yielding the oxidized (aromatic) substrate and 1,5-dihydroflavin 2, cf. Scheme 3. 
3f
A mechanism involving radicals cannot explain the exact equimolar formation of oxidized substrate and reduced flavin 2, since acridanyl-14 and 5-deazaisoalloxazinyl-radicals15 should dimerize at least to some extent.
The mechanism of the photoreaction of flavin with 1,4-cyclohexadiene and analogous compounds can be interpreted as an electrophilic substitution of the electron-deficient flavin triplet on the substrate. In a non-radical reaction a a-bond be tween a methylene group and the 4a-position of the flavin is formed.
The thermal decomposition of this adduct occurs heterolytically even at T < -80 °C if the sub stituent can aromatize. In this reaction 100% 1,5-dihydroflavin 2 and equimolar amounts of oxidized substrate are formed. If an aromatization is not possible because the methylene or NH-group is blocked by methyl groups, the thermal decomposi tion of the adduct begins at about -20 °C and is strictly homolytical. The flavin radicals dispro portionate, yielding 50% 1,5-dihydroflavin, whereas the substrate radicals dimerize.
Non-photochemical reductions of the flavin system are presently under investigation to in vestigate the possibility th at the group-transfer mechanism is of general validity.
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